iffusion-weighted magnetic resonance imaging (MRI) can be used to visualize the arbitrary movement of water molecules (Brownian motion) that causes phase dispersion and consequential signal loss (1). Because diffusion-weighted imaging (DWI) provides both qualitative and quantitative information without a considerable increase in the study time and does not require intravenous contrast media, it has been added into routine imaging protocols. By using recent technologic advances such as echo-planar imaging, high-gradient amplitudes, multichannel coils, and parallel imaging, its applications have extended beyond neurological applications (2, 3). The aims of this pictorial essay were to outline the biological basis and the imaging technique of DWI and to review the pediatric extracranial applications of DWI, including tissue characterization, organ functionality assessment, and tumor treatment monitoring.
. The areas of restricted diffusion are demonstrated by low intensity areas on ADC maps, contrary to increased diffusion areas, which appear as high-intensity areas. Tissue characterization can be performed by comparing signal-intensity attenuation, which depends on the variation in molecular diffusion on images acquired using different b values (8) .
In ADC maps that are performed with low b values, aside from true diffusion, perfusion of the tissue (pseudodiffusion) is also prominent. The perfusion effect is significantly reduced by increasing the b value. The ADC maps formed by using high b values are also useful in lesion characterization. However, by using high b values, the signal-to-noise ratio (SNR) of the image is reduced, and sensitivity to magnetic susceptibility, motion, and eddy current artifacts increases (1, 2, 6) .
Because the signal is generated by a spin-echo pulse sequence, the overall signal intensity on DWI reflects the diffusion conspicuity, the spin density and T2 value of the imaged voxels. T2 signal elongation increases signal intensities in DWI. This effect is known T2 shine-through and decreases when the b value increases (1) .
Poor ADC reproducibility and low image quality due to poor SNR, limited spatial resolution, and echo-planar imaging-related artifacts (especially those acquired with high b values and primarily distortion, ghosting, blurring, and eddy currents) are the main limitations of DWI (1, 3, 6) .
ADC depends on the imaging equipment, observer, and biologic factors. Accurate understanding of ADC measurement reproducibility and interimager variability is a critical issue for the application of quantitative ADC measurements for disease characterization and tumor response assessment. Image acquisition schemes for MRI systems from different vendors may vary and cause variability in ADC measurements. To compare the results from different MRI equipment and centers, the standardization of imaging parameters is needed to minimize the measurement variability across platforms and to facilitate multicenter studies (3, 6) .
DWI interpretation
There is a negative correlation between ADC values and the cellularity, extracellular tortuosity, and nucleus/ cytoplasm ratio of extra-cranial tumors in children (1) (2) (3) (9) (10) (11) (12) (13) . It has been shown that the ADC values of malignant masses are relatively lower than the ADC values of benign masses (Figs. 1 and 2) (9) (10) (11) (12) (13) (14) . Recent studies reported that malignant and benign lesions can be discriminated with high accuracy by visual assessment of the diffusion trace images and ADC maps (6, 9, 15) . Malignant pathologies in DWI appear as a high signal, which persists at high b values and correlates with low ADC values in ADC maps due to restricted diffusion (Figs. 3 and 4) . Most of the by changing the parameter known as the b value, which is proportional to these three factors. When the b value is changed, it is usually the gradient amplitude, rather than the duration or time interval between gradients, that is altered (3) .
The cellularity and capillary perfusion (pseudo-diffusion), temperature, diffusivity, b value, macroscopic motion and T2-weighted intensity are the factors that affect the signal intensities on DWIs with low and high b values and the corresponding apparent diffusion coefficient (ADC) maps. Therefore, the overall signal intensity on DWI reflects the diffusion conspicuity, the spin density, and T2 value of the image voxels (1) (2) (3) (4) (5) (6) . The amount of diffusion is determined by the diffusion coefficient. Because the in vivo measurement of the diffusion coefficient is affected by several factors, the term "apparent diffusion coefficient" rather than "diffusion coefficient" is used in clinical practice (5-7).
The ADC is calculated for each pixel of the image and is displayed as a parametric map. By drawing regions of interest, ADCs of different tissues can be measured. In clinical applications, DWI is usually performed using two or more b values. One of the b values is a high b value (usually 800 to 1000 s/mm 2 ), while the rest of the b values are low b values (≤100 s/mm 2 ). By using more b values, the errors in the calculation of the ADC maps can be diminished, and accuracy can be increased (1, 2, (4) (5) (6) . The ADC value is calculated by using two images with high and low b values, However, abscesses are also characterized by similar signal intensity and ADC values as those associated with malignancies due to its viscous content (9, 15) . In heterogeneous lesions with both low-and high-intensity areas on ADC maps, ADC measurements can be challenging. In these lesions, one should assess the ADC value in the component with the lowest intensity or separately assess the areas with low or high intensities. However, the measurement of ADC values with large regions-of-interest covering both lowand high-intensity areas can cause misinterpretation. In these equivocal cases, aside from DWI, using conventional and contrast-enhanced images may be helpful for lesion characterization (13, 15) .
It is important to remember that ADC maps and high b value images should never be interpreted separately. It is imperative to emphasize the importance of the interpretation of DWI with the anatomic images to avoid the pitfalls, which are many. There may be overlaps between ADC values of the malignant and benign pathologies. Furthermore, normal tissues including peripheral nerves, normal lymph nodes, normal endometrium, and bowel can show low ADC values. Areas of fibrosis also show low ADC values (1-3, 7, 9, 11-15) . DWI still has a limited role in the detection and characterization of small-sized lesions less than 1 cm because of the limited spatial resolution and artifacts such as susceptibility, ghosting, blurring, and eddy currents (3, 9, 15) .
Extra-neurological applications of DWI Tissue characterization
Although, statistically significant differences in ADC values between the 2 /s). In this study, benign masses were unable to be differentiated from malignant masses using ADC values. In malignant tumors, reduced ADC values are thought to be due to cellular membranes impeding the mobility of water protons. Necrotic tissues, on the other hand, show high ADC values that result from larger diffusion areas as a consequence of the loss of membrane integrity (6, 9, 11) .
Inflammation also reduces ADC values (1-3). In the inflamed tissue, the decreased ADC value is considered to be the result of the increased number and size of cells (Fig. 10) . ADC has been used to distinguish abscesses, which have low ADC values due to high viscosity and cellularity in the abscess cavity, from cystic and necrotic metastases with higher ADC values (3). On visual assessment, the central content of the abscess is markedly hyperintense on low and high b value DWIs and hypointense on ADC maps as compared with the normal parts of the tissue, whereas the cystic-necrotic contents of the tumors and cystic masses are hyperintense on low b value DWIs, markedly hypointense on high b value DWIs and hyperintense on ADC maps (Fig. 11) (15) . Significant statistical differences between the ADC values of benign and malignant lymph nodes have been reported (17) (18) (19) (20) . In general, lower ADC values were measured in the malignant lymph nodes (metastatic or lymphomatous) compared with benign ones, with variations in ADC values according to the identity of the primary tumor (Fig. 12) (18) . However, in some studies, overlaps in ADC values of the malignant and benign lymph nodes were reported (18, 20, 21) . Muenzel et al. (21) reported that lympadenopathy caused by Bartonella henselae infection 
Organ functionality
DWI has great potential for use in the functional evaluation of various organs such as the liver, kidney, pancreas, and major salivary glands (22) (23) (24) (25) (26) . In patients with acute or chronic renal failure, and hydronephrosis, ADC values in the cortex and medulla are significantly lower than those of the normal kidneys. In these patients, a positive correlation between the ADCs and glomerular filtration rate has been described ( Fig. 13) (22-24) .
DWI can also detect acute pancreatitis with reduced ADC values at the time (25) . The ADC values of cirrhotic livers are significantly lower than those of normal livers due to fibrosis and inflammation (26) .
Predicting and monitoring treatment response
DWI has been suggested as the modality of choice for the early detection of treatment response in tumors (16, (27) (28) (29) . Reduction in tumor volume is considered to be a relatively late finding in association with the response to chemotherapy or radiotherapy. However, DWI with the calculation of ADC has been suggested as an early marker of the therapy response in tumors because it is assumed that less restricted diffusion is associated with decreased cellularity of the tumor (Fig.  14) (28) . McDonald et al. (28) reported that the ADC changes during chemotherapy in childhood abdominal tumors were measurable. They noted that distinct patterns of shift could be observed. ADC change was therefore promising as a non-invasive biomarker b a Figure 14 . a-e. Pre-and post-chemotherapy right renal cell carcinoma (RCC) in a 13-year-old female patient who had undergone a left radical nephrectomy one year prior for RCC. An axial T2-weighted image shows a slightly hypointense mass (arrows) with a hyperintense central necrotic portion in the right kidney and several homogeneous hyperintense cysts (a). An axial DW image obtained using a b value of 800 s/mm 2 (b) and an ADC map (c) at the level of the renal hilum before chemotherapy reveal a slightly heterogeneous mass (arrows) with an ADC value of 1.02×10 -3 mm 2 /s. A post-chemotherapy axial DW image obtained using a b value of 800 s/mm 2 (d) and ADC map (e) demonstrate no considerable decrease in size (arrows). However, the ADC value increased to 1.25×10 -3 mm 2 /s suggesting tissue necrosis and a solid response to therapy. d e c for therapy response. Also, according to the studies performed in adult groups, ADC measurements often appear to be capable of predicting the tumor response to chemotherapy and radiation treatment (2, 3, 30) . The response to chemotherapy or radiation treatment in cellular tumors with low pre-treatment ADC values is better than those of tumors with higher pre-treatment ADC values (30) . Further studies focusing on this subject in pediatric malignancies are needed.
Conclusion
DWI with an ADC map is a new promising technique that can be useful for lesion characterization and assessment of the tumor response to treatment in children with extra-neurological pathologies. This technique does not require intravenous contrast media and can be performed within several minutes. However, there are some limitations, e.g., ADC value overlaps in some malignant and benign lesions, low SNR, the difficulty in the assessment of relatively small lesions, and motion artifacts. The addition of DWI into routine MRI protocols can provide supplementary physiological and functional information for conventional and contrast-enhanced MRI sequences in pediatric patients.
